Hepatocellular Carcinoma is a primary malignant tumor of the liver and gankyrin is an oncoprotein over-expressed in hepatocellular carcinoma. It has been found that Gankyrin protein reduces the level of p53 protein by increasing its ubiquitylation and degradation, following a MDM-2 mediated pathway. Interaction of gankyrin with MDM2 enhances the ubiquitylation of p53. Independent study of this protein molecule revealed that it is identical to the p28 subunit of the 26S proteasome, having seven similar alpha helical ankyrin repeats. Gankyrin also binds to the Tumor Suppressor Protein (TSP) Retinoblastoma (RB), thereby accelerating its phosphorylation and proteasomal degradation. Blocking the expression of Gankyrin with MDM2 in cases of Hepatocellular Carcinoma (HCC) promoted apoptosis in cancer cells. Hence, Gankyrin can be used as a potential target for drug therapy against Hepatocellular Carcinoma.
INTRODUCTION
The most common type of cancer occurring in human beings, carcinoma, begins in the epithelial tissue, lining the inner and outer surfaces of the body. It is a form of cancer composed of cells that have developed the cytological appearance, histological architecture, or molecular characteristics of epithelial cells [1] . In multi-cellular organisms, cell growth is tightly regulated by check-points in the cell cycle that prevent over-proliferation of cells, enable repair of damaged DNA and selectively eliminate damaged cells by apoptosis. Hepatocellular Carcinoma, the most common primary malignant tumor of the liver, is of worldwide significance [2] . It may present itself with common symptoms like abdominal pain, clotting disorders resulting in easy bruising and bleeding, weight loss and jaundice. Detection of this carcinoma is difficult because the symptoms associated with it are no different than those related to a disease the patient may already be suffering. Hence, detection of this cancer at an early stage is very important. Over the past few years, several studies have been conducted to find an efficient detection technique for Hepatocellular Carcinoma. One of the techniques is to make use of a blood tumor marker, called alpha-fetoprotein (AFP) that has been known to detect HCC at an early stage. It is effective in spotting a small HCC but it has not been widely adopted because the cost-effectiveness of this technique is yet to be proven. Moreover the AFP levels in the body can also be elevated during pregnancy, which can be misleading.
There are mainly two tumor-suppressor proteins found in our body, Retinoblastoma (pRb) and p53. The retinoblastoma protein is associated with the check-point complex pRb-p16
Ink4a -D cyclins whereas p53 is associated with the check-point complex p53-ARF-MDM2. The p53 tumor suppressor is a transcription factor that controls the expression of apoptotic proteins. The activity of p53 is regulated by proteins such as ubiquitin ligase MDM2 [3] . It is because of the activity of these protein molecules that the damaged cells lead to genomic instability. It has been found that gankyrin suppresses p53-dependent apoptosis in tumor cells. The ability of p53 to exert anti-proliferative effects, including cell cycle arrest and apoptosis, is strongly associated with its tumor suppressor function. The ability of p53 to bind DNA and activate transcription is required for p53 dependent growth arrest. P53 can mediate apoptosis by activating transcription of pro-apoptotic genes and repressing transcription of anti-apoptotic genes. p53 also controls apoptosis through transcription-independent mechanisms. Tight regulation of p53 activity is vital for maintaining normal cell growth and preventing tumorigenesis. The degradation of p53 is regulated by the ubiquitin-proteasome system. The 26S proteasome is a large multi-protein complex that selectively degrades proteins conjugated to ubiquitin. Foremost, ubiquitin is activated in an ATPdependent manner by an ubiquitin activating enzyme (E1). Then it is transferred to an ubiquitin conjugating enzyme (E2), and to an ubiquitin protein ligase (E3). For efficient polyubiquitylation, an additional conjugating enzyme (E4) is required.
MDM2, or the Murine double Minute 2, is a gene (as well as the protein which the gene encodes) which acts as a negative regulator of the p53 tumor suppressor [4] . It binds with p53 and represses its transcriptional activity. This is done when MDM2 binds to the N-terminal Trans -activation domain of p53. The transcription of MDM2 can be activated by p53, which means that if p53 is stabilized; the transcription of MDM2 is also induced, resulting in higher MDM2 protein levels. This is the reason why MDM2 is a p53 responsive gene. The full length transcript of MDM2 gene encodes a protein of 491 amino acids, with a predicted weight of 56kDa. At least 5% -10% of all human tumors possess inappropriate over-expression of MDM2, which is an E3 ubiquitin ligase that negatively regulates p53.
Out of all the genes that have been found over expressed in Hepatocellular Carcinoma, two genes namely Ube2c and Gankyrin are of utmost importance. Ube2c gene, located on chromosome 20q13, belongs to the E2 gene family and codes for a 19.6 kDa protein involved in ubiquitin-dependent proteolysis [5] . Gankyrin was identified as the p28 component of the 26S proteasome [6] [7] [8] .
Since gankyrin is involved in the ubiquitylation of tumor suppressor protein p53, gankyrin promises to be a potential target for drug therapy against liver cancer Hepatocellular Carcinoma. Gankyrin is identical to one of the component of the 26S proteasome. It contains an ankyrin repeat stack (6 repeats) with a 38-amino-acid N-terminal domain and the first letter "g" stands for "gann", meaning cancer in Japanese [6] . It specifically interacts with the S6b ATPase of the 19S regulatory complex of 26S proteasome [7, 8] . Gankyrin is highly conserved throughout evolution and is localized on human chromosome Xq22.3. Gankyrin expression is increased in all HCC's compared with non-cancerous liver tissues [6] . Hence it was found that almost all HCC's over-express this novel gene, gankyrin. Gankyrin binds to and potentiates the transcriptional activity of p53. It facilitates the binding of MDM2 to p53 and enhances ability of MDM2 to monoand poly-ubiquitylate p53. Further, gankyrin recruits a MDM2-p53 complex to the 26S proteasome and accelerates the degradation of p53 in an MDM2-dependent manner. In vitro, MDM2 catalyzes the addition of single ubiquitin moieties to a cluster of six C-terminal lysines in p53. MDM2 does not efficiently poly-ubiquitylate p53 under usual in vitro conditions, and the E4 activity of p300 is required in addition to MDM2 for p53 polyubiquitylation.
Viral oncoproteins such as HPV E7 and adenovirus E1A block the function of RB, which results in production of ARF (tumor suppressor), leading to stabilization of p53. The viruses counteract these cellular defenses by producing proteins that inhibit the function of p53. Interestingly, HPV E7, adenovirus E1A, and gankyrin all interact with ATPases of the 19S regulatory complex of the 26S proteasome in addition to their effects on RB. MAGE-A4, a member of the MAGE (melanoma antigen) family containing a well conserved region, binds to gankyrin and suppresses its oncogenic activity. Finally, gankyrin specifically binds to the C-terminus of the proteasomal S6 ATPase of the 26S proteasome. In HCC cells, down-regulation of gankyrin expression by RNAi promoted apoptosis and over-expression of MAGE-A4 suppresses activity of gankyrin [9] [10] [11] [12] . Thus, gankyrin could be a potential target for cancer therapy. Blocking expression or function of gankyrin can be a valuable therapeutic or preventive strategy against human HCC's. The main aim of this study is to computationally design a peptide that can capture MDM2 in a manner mimicking Gankyrin and can be used as a potential drug for the treatment of this disease.
MATERIALS AND METHODS

Homology Modeling
The first step towards successful in-Silico drug designing is 3D structure modeling. Homology modeling of a protein refers to constructing an atomic-resolution model of a target protein from its amino acid sequence and an experimental three dimensional structure of a related homologous protein. The basic principle of homology modeling lies in the fact that the protein structures, being few in numbers are more conserved as compared to the protein sequences. But a sequence identity of greater than 20% has to be achieved [13] . Different models of MDM2 were constructed using MODELLER 9.10. It is used for homology modeling (also known as comparative modeling) of three dimensional structures of proteins [14, 15] . In this tool, an alignment file of a target sequence to be modeled with known related structures is provided and MODELLER automatically calculates a model containing all non-hydrogen atoms. MODELLER can give as many number of structures as desired by the user in two easy steps. The script is written in "python", a general purpose, high level, programming language. The FASTA [16] sequence of the target MDM2 was obtained from protein database of NCBI (Accession Number Q00987.1 and Gene id 266516). The protein consists of 491 amino acids. Subsequently, the template structure 1Z1M selected with protein BLAST [17] of target sequence and template structure was aligned using MO-DELLER 9.10 and hence construction of ten rough 3D models was done. The constructed models were evaluated for geometry, stereochemistry checks and energy distribution on the basis of DOPE score and Ramachandran plot (using PROCHECK). DOPE score stands for Discrete Optimized Protein Energy score. It is a statistical potential used to assess homology models in proteins structure prediction. It can give us information about the conformation of the protein. Lesser the DOPE score value, higher is the structural stability of the protein molecule. The MODELLER evaluates the DOPE value of the protein structures. The structure (PDB) file of different models and a command python file are required to calculate this energy. The python script for constructing models comes under the file name "evaluateDOPE.py". Now, since stability is inversely proportional to the system energy, the structure having the lowest DOPE value has highest structural stability. If there are some residues in the fourth quadrant, then structure refinement using loop modeling has to be done.
The second parameter used for the detection of most favorable structure is Ramachandran Plot, this is available on an online server SAVES, which stands for Structure Analysis and Verification server. Ramachandran plot is a way to visualize the backbone torsion angles of amino acids residues in a protein structure, hence accounting for the structural stability of the molecule. It is a part of PROCHECK, a tool present on the SAVE server that checks the stereo-chemical properties of the protein structures. The Ramachandran plots for all ten MDM2 structures were obtained. There are four quadrants in a normal Ramachandran Plot. The first belongs to right-handed α helix, second belongs to β-sheets, third belongs to left-handed α helix, and the fourth one is the disallowed region.
Active Site Prediction
Since only a few amino acids present in MDM2 actually play an important role in interaction with gankyrin, thus we open this molecule in LIGSITE csc [18] , a web-server for the automatic identification of pockets on the query protein sequence. The input file can either be uploaded directly by the user, or the PDB code of the file along with chain ID. LIGSITE csc uses the concept of surfacesolvent-events and involves surface residues conservation degree. The binding site prediction was based on 1.5 Å grid space, 5 Å probe radius and number of binding sites to ten. The server searches for pockets on the surface of the protein molecule and it shows the interacting amino acids residues as an output. In the present study, LIGSITEcsc step gave us five pockets as output. Out of these five pockets, only one was found to be repetitive in the structure of the protein molecule, which also contained the gankyrin binding domain. The binding site residues are LYS 412, GLU 413, SER 425 and VAL 426.
Peptide Designing
For designing a peptide, a sequence with 15 amino acid residues was selected. The FASTA format sequence is selected in SPDB viewer [19] v4.0.4. Since the selected active site is a "loop", we make sure that the designed peptide also has a loop at its tail end. To achieve this, we refer to the atom file of the structure file of MDM2. Keeping in mind that amino acids LYS 412, GLU 413, SER 425 and VAL 426 are responsible for interactions, we assign the amino acids present in our peptides the same φ, ψ and ω angles in SPDB viewer v4.0.4. Based on the three dimensional geometry of amino acids, we introduce two Proline and two Glycine molecules in the peptide. These amino acids will account for the helical shape of the designed peptide. The amino acids responsible for interaction at the pocket (active site) of MDM2 have been taken as terminal points, with Lysine and Glutamic Acid on one end, while Serine and Valine on the other. For the rest of the seven amino acids, Alanine is introduced. This is done to avoid steric hindrance among the amino acids of our peptide. Once this sequence was finalized, it was saved as a FASTA format sequence.
Visualization
Visualization of the peptide and protein structures was performed on PyMol v1.3 molecular graphics program, a comprehensive software package for rendering and animating 3D-structures. This software produces high quality three dimensional images of small molecules, proteins and nucleic acids.
RESULTS
Since an accurate structure was not available for the protein MDM2, homology modeling was used to generate 3D protein models of the desired protein i.e. MDM2 using a template structure with PDB code 1Z1M. The constructed 3D models were checked for DOPE score and Ramachandran plot respectively with Modeller 9.10 and PROCHECK. Results have been shown in Table 1 . Model number 10 was chosen as the best model with parameters like Ramachandran plot (78.5% core, 15.7% allowed, 2.7% generously allowed and 3.1% disallowed) and DOPE score (-21745.01172). Figure 1 shows the Ramachandran plot analysis of the model selected. Model structure prepared for visualization by PyMol v1.3 is shown in Figure 2 . Details of pockets present in the protein model are described in Table 2 . Pocket chosen for ligand binding was pocket 17. As the active site was discovered, a peptide was designed that was expected to simply fit into this active site, and then may lead to some conformational changes that prevent gankyrin molecule to bind with MDM2. If this happens, then the tumor suppressor p53 will start acting on the tumor cells and induce apoptosis in them, hence giving a potential therapy against Hepatocellular Carcinoma. For designing a peptide, a sequence having 15 amino acid residues was selected. Based on the knowledge of amino acids, we introduce two Prolines and two Glycine molecules in the peptide. The amino acids responsible for interaction at the pocket (active site) of MDM2 have been taken as terminal points, with Lysine and Glutamic Acid on one end, while Serine and Valine on the other. For the rest of the seven amino acids, Alanine is introduced. This is done to avoid steric hindrance among the amino acids of our peptide. Once this sequence was finalized, it was saved as a FASTA format sequence. The sequence combination designed is "KEAAAGPGPAAAASV". The PDB structure of the mentioned sequence has been shown in Figure 3 . 
DISCUSSION
In order to find out an effective treatment for hepatocellular carcinoma, many efforts have been made by different groups of people. But till now, there is no effective drug for this disease. The main idea behind identifying the structure of MDM2 was to study the interaction of Gankyrin with MDM2. Identification of the amino acid residues forming the active site on the surface of MDM2 can help us determine the interacting domain present in gankyrin molecule. For that, homology modeling has been done using a template structure and it was aligned with the sequence of MDM2.
We obtained ten similar structures for MDM2 as a result of homology modeling. Brief analysis of these models with Ramachandran plot and DOPE score was done to decide the stability in protein models.
More number of residues in disallowed region gives instability to the protein structure. To make a protein stable to configuration, it is necessary to remain all the amino acid residues in allowed region in the Ramachandran plot. In the selected model, least number of amino acids was present in disallowed region and the DOPE score was considerable relative to other models. The model number 10 was considerable as structure of MDM2 protein with 3.1% disallowed amino acid residues and a DOPE score of −21,745.01172.
The functional domains of MDM2, also known as ubiquitin protein ligase have been showed in Figure 4 . The purple colored band shows the region where gankyrin binds with MDM2 resulting in its enhanced activity. The amino acid residues from 411 to 438 were involved in interaction with gankyrin. This region is just N-terminal to the RING (Really Interesting New Gene) domain. This puts the gankyrin binding region of MDM2 in a central position, as the N terminus of MDM2 binds p53 and the C terminus contains a RING site that enables association with an ubiquitin conjugating enzyme [20] .
The de novo drug designing approach has been used to generate a peptide that may have the ability to bind itself at the "gankyrin binding domain" of MDM2, hence preventing the ubiquitylation of tumor suppressor p53. Figure 5 shows the mechanism by which ubiquitylated p53 is delivered to the proteasome by binding to MDM2 [9] .
If the interaction between gankyrin and MDM2 is blocked, it might prevent the degradation of p53. Gankyrin plays a potential role in HCC. Therefore, the structure of gankyrin and MDM2 is important to begin the strategies of designing peptides that block their activities and provide a basis for drug development for therapeutic intervention in HCC.
CONCLUSION
Based on the various analyses performed in the present study, it may be concluded that the peptide generated in the study might have the capability of binding to the active site of MDM2, the N-terminal to the RING domain, hence preventing the interaction between gankyrin and MDM2. The same peptide can also be used to block the fifth ankyrin repeat present in gankyrin, which we know is responsible for the interaction between gankyrin and MDM2. This will result in the induction of apoptosis among cancer cells, and can be used as a potential drug against Hepatocellular Carcinoma.
